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INTRODUCTION

Predpitation age hardenable duminum all oys have
been studied by the agospaceindustry for over 50 yeas. Al
aloys that offer improved combinations of strength,
toughness, and weight reduction are dways desirable,
particularly Al-Cu aloys. These aloys however, often
exhibit susceptibility to locdized corrosion and stress
corrosion cracing (SCC). It has been well documented in
literature that SCC initiates from locdized corrosion sites™
but, the transition from locdized corrosion to SCC is not
well understood. Al-Cu aloys can exhibit a “window” of
SCC susceptibility as a function d aging time, with the
resistance to SCC increasing with over-aging.*’
Eledrochemicd-based medianisms for intergranular
corrosion (IGC) and intergranular SCC (IGSCC) are based
on a preferential anodic path along the grain bowndaries.”
This adive region is thought to be due to solute depleted
zones, anodic predpitates, or equili brium or non-equilibrium
segregation.*>"° It has been well documented that the Cu
content in solid solution in Al aloys diredly correlates to the
pitting potential of the Al-Cu aluminum alloys.™ Increasing
the Cu content in solid solution increases the pitting and
repassvation pdentials associated with the dloy matrix.
However, Cu depletion at grain bowndaries is then linked to
IGSCC susceptibility.

This gudy focuses on the locdized corrosion and
SCC resistance of two emerging, advanced Al-Cu-Mg-Ag
dloys, C415 (Al-5%Cu-0.8%Mg-0.5%Ag-0.6%Mn) and
C416 (Al-5.4%Cu-0.5%Mg-0.5%Ag-0.3%Mn), in the UA,
T8, and T8 + thermal exposure of 5000 hat 225°F (T8")
condtions. Ag was added to promote the predpitation d the
Q-phase™? In C416, 8 (Al,Cu) and Q (AlCu)
intermetallic phases are present and resporsible for
strengthening through predpitation age hardening.*® In C415,
the Q, S (Al,CuMg), and, possbly, the 6" intermetallic
phases are present.”® The lower ratio of Cu/Mg and greaer
Mn content promotes S formation in C415."° The large
number of these intermetalli cs on the grain boundaries leads
to the Cu-depletion at the grain baundaries. The main goal of
this gudy is to charaderize the locdized corrosion and
IGSCC properties of these dloys as a function d
metallurgicd condtions in the ontext of the dasscd
eledrochemicd framework.

EXPERIMENTAL PROCEDURE

Alternate Immersion (Al) studies (ASTM G44/49)
were performed on C415 and C416 in both tempers with
unstressed and stressed samples using a 3-point loaded
spedmen jig (ASTM G-39). Seria removals and past-test
examination wing opticad microscopy and SEM  was
performed to charaderize the IGSCC susceptibility of these
aloys in the T8 and T8" condtions. Constant extension rate
testing (CERT) was performed onboth alloysin the UA, T8,
and T8" condtions in deaeated, alkaline 0.006 M NaCl
(pH~10) to charaderize the IGSCC susceptibility and the
effed of aging on this susceptibility. The eledrochemicd
properties of the dl oys were charaderized by analyzing bulk
analogs as models of the various comporents and phases of
C415 and C416 in deaeated, akaline 0.6 M NaCl (pH~10)
to establish the dedrochemicd framework. X-ray diffradion
was performed to determine the gproximate solid solution
Cu content of the matrix of various tempers of the all oys.

RESULTS AND DISCUSSION
Al showed that both alloys were susceptible to SCC
in the T8 temper. Notably, resistance to SCC improved in

T8, with the largest improvement in the C416 alloy. Pits
formed at constituent particles in all tempers but transitioned
to IGC. These pits have a1 intergranular nature and IGC or
IGSCC propagated from pits only. This suggests that a
spedfic pit chemistry is neecessry to initiate 1GC. Since
IGSCC occurred in both aloys in the T8 condtion, a
common feaure such as Cu depletion at the grain boundries
is suggested. The difference in susceptibility between the
aloys and tempers is of a degree since more severe IGC and
IGSCC was observed in the T8 temper for both alloys but,
was not completely eliminated in the T8" tempers.

CERT showed a dramatic improvement in time-to-
failure and %IG fradture with increased aging from the UA
to the T8 conditions. Only a small improvement was e
with further aging to the T8" condition.

The aitical potentials of C415 and C416, in both
tempers, are lower than that of solution hea-treaed (SHT)
Al-4%Cu bu higher than that of pure Al (99.99%). E,
deaeased in bah aloys as the ajing time increased. The Al-
4%Cu (SHT) simulates the matrix prior to the Cu-depletion
and the pure Al simulates the maximum Cu-depletion
possble & the grain bowndaries. Since S-phase adively
disolves in agueous solutions and B-phase resists corrosion
in agueous lutions compared to pue Al, then the S-phase
could explain the persistence of the more adive grain
boundary path in C415 compared to C416, in the T8"
condtion. An eledrochemicd framework based on Cu-
depletion could also explain IGC and IGSCC susceptibili ty
as used by Galvele'® and Sugimoto®. IGSCC susceptibility in
the T8" condtion would be diminated if the pitting potential
of the matrix was lowered to that of pure Al due to Cu-
depletion from the matrix since the preferential grain
boundary path would be diminated. E,, and XRD results
indicaed that the matrix Cu content deaeased in the dloys
from the UA_-T8-T8 - OA condtions, suggesting a
leveling of the Cu content with overaging. In summary, the
susceptibility of these dloys to IGSCC is due to Cu-
depletion and the resistance improves with over-aging die to
leveling of the Cu concentration between the matrix and
grain bowndaries.
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